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The title compound, C 14 H 19 NO s S, was prepared by nucleo- 
philic addition of the lithium derivative of methylphenyl- 
sulfone to (3S,4/?)-3,4-isopropylidenedioxypyrroline 1-oxide. 
There are four molecules in the asymmetric unit. The crystal 
structure determination confirms the configuration of the 
chiral centres as 2R,3S,AR. In the crystal, pairs of O— H- ■ N 
hydrogen bonds link the molecules into dimers. 

Related literature 

For asymmetric organocatalysis, see: Macmillan (2008); List 
(2007). For proline and its derivatives as organocatalysts, see: 
Pellissier (2007); Lattanzi (2009); Mielgo et al. (2008); Panday 
(2011). For the preparation, see: Flores et al. (2010). For C- 
branched pyrrolidines, see: Flores et al. (2011a). For 
hydroxylamines in synthesis, see: Chevrier et al. (2011); Li et 
al. (2011). For (3i?,45)-3,4-isopropylidenedioxy-5-phenylsulf- 
onylmethyl-3,4-dihydro-2//-pyrrole 1-oxide, see: Flores et al. 
(20116). 




S0 2 Ph 



Experimental 

Crystal data 

C 14 H 19 N0 5 S 
M, = 313.36 
Monoclinic, P2^ 
a = 9.1876 (2) A 



Z = 8 

Cu Ka radiation 
fi = 2.02 mrrr 1 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2006) 
7",™ = 0.730, r mttx = 0.817 

Refinement 

R[F 2 > 2a(F 2 )} = 0.048 
wR(F 2 ) = 0.135 
S = 1.03 

10345 reflections 
769 parameters 
1 restraint 



Table 1 

Hydrogen-bond geometry (A, °). 



T = 298 K 

0.20 x 0.15 x 0.10 mm 



46376 measured reflections 
10345 independent reflections 
9616 reflections with / > 2r/(/) 
R in . = 0.036 



H-atom parameters constrained 
A/w = 0.34 e A~ 3 
A/J mi „ = -0.38 e A~ 3 
Absolute structure: Flack (1983), 

4863 Friedel pairs 
Flack parameter: 0.040 (14) 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


OSA-H5AO- ■ NIB' 


0.82 


2.04 


2.752 (3) 


144 


05B-H5BO- ■ -N1A" 


0.82 


2.11 


2.807 (3) 


142 


05C-H5CO- ■ Nl/J' 


0.82 


2.10 


2.802 (4) 


144 


05D-H5/JO-N1C" 


0.82 


2.06 


2.766 (3) 


144 


Symmetry codes: (i) — x H 


-l,y-§, -zH 


- 1; (ii) -x + l,y- 


(-1 + 





b = 19.5284 (5) A 
c = 17.9187 (5) A 
P = 102.658 (2)° 
V = 3136.82 (14) A 3 



Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT 
(Bruker, 2006); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
MERCURY (Macrae et al, 2006); software used to prepare material 
for publication: SHELXTL (Sheldrick, 2008). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BT5981). 



References 

Bruker (2006). APEX2, SAINT and SADABS. Bruker AXS Inc., Madison, 
Wisconsin, USA. 

Chevrier, C, Le Nouen, D., Defoin, A. & Tarnus, C. (2011). Carbohydr. Res. 

346, 1202-1211. 
Flack, H. D. (1983). Acta Cryst. A39, 876-881. 

Flores, M. E, Garcia, P., Garrido, N. M., Marcos, I. S., Sanz, F. & Diez, D. 

(2011a). Tetrahedron Asymmetry, 22, 1467-1472. 
Flores, M. E, Garcia, P. M., Garrido, N., Sanz, F. & Diez, D. (20116). Acta 

Cryst. E67, olll5. 

Flores, M. E, Nunez, M. G, Moro, R. E, Garrido, N. M., Marcos, I. S., Iglesias, 

E. E, Garcia, P. & Diez, D. (2010). Molecules, 15, 1501-1512. 
Lattanzi, A. (2009). Chem. Commun. pp. 1452-1463. 

Li. X., Qin, Z., Wang, R., Chen, H. & Zhang, P. (2011). Tetrahedron, 67, 1792- 
1798. 

List, B. (2007). Chem. Rev. 107, 5413-5415. 

Macmillan, D. W. C. (2008). Nature (London), 455, 304-308. 

Macrae, C. E, Edgington, P. R., McCabe, P., Pidcock, E., Shields, G. P., Taylor, 

R., Towler, M. & van de Streek, J. (2006). J. Appl. Cryst. 39, 453-457. 
Mielgo, A. & Palomo, C. (2008). Chem. Asian J. 3, 922-948. 
Panday, S. K. (2011). Tetrahedron Asymmetry, 22, 1817-1847. 
Pellissier, H. (2007). Tetrahedron, 63, 9267-9331. 
Sheldrick, G. M. (2008). Acta Cryst. A64, 112-122. 



O2560 Flores eta/. 



doi:1 0. 1 107/S1 60053681 2033028 



Acta Cryst. (2012). E68, o2560 



supplementary materials 



supplementary materials 

Acta Cryst. (2012). E68, o2560 [doi:10.1107/S1600536812033028] 

(2/?,3S,4/?)-3,4-lsopropylidenedioxy-2-(phenylsulfonylmethyl)pyrrolidin-1-ol 

Mari Fe Flores, Pilar Garcia, Narciso M. Garrido, Francisca Sanz and David Diez 
Comment 

Asymmetric organocatalysis has become a very attractive methodology in recent years, since environmentally friendly 
and metal-free transformations are desired (Macmillan, 2008; List, 2007). It is well known that proline and its derivatives 
have been widely employed as organocatalysts (Pellissier, 2007; Lattanzi, 2009; Mielgo et al. 2008; Panday, 2011). In our 
research group we have developed new organocatalysts using nitrones as starting material (Flores et al, 2010). This 
catalyst was obtained from the reduction of the chiral hydroxylamine (II) (Fig. 1). Moreover, this hydroxylamine has been 
employed as starting material to tackle the synthesis of a C-branched substituted pyrrolidine (Flores et al, 2011a). 
Hydroxylamines are important tools for the synthesis of biologically active compounds (Chevrier et al. , 20 1 1 ; Li et al. , 
2011). 

The title compound, C14H19NO5S, consists of a Af-hydroxypyrrolidine ring with a phenylsulfonylmethyl group and an 
isopropylidenedioxy group as susbtituents. This compound crystallizes in space group P2\ with four independent 
molecules (A, B, C and D) in the asymmetric unit which differ slightly in conformation but retain the same (3S,4R) 
configuration in the acetonide group (Fig. 2). All the bond lengths and angles are within the normal ranges. The C — S — C 
angles in molecules A, B, C and D are 108.5 (2)°, 104.9 (2)°, 106.4 (2)° and 106.1 (2)°, respectively and the O— S— O 
angles are 115.6 (3)°, 119.8 (2)°, 116.9 (3)° and 118.3 (2)°, respectively. The large O— S— O angle and this deviation 
from the optimal 109.5° angle can be explained by the repulsion of the lone pairs of the oxygen placing the oxygen atoms 
as far away from each other as possible and thus minimizing the C — S — C angle. Torsion-angle differences in molecules 
A, B, C and D are evident from C6— SI— C7— C8, with values of 78.6 (3)°, 60.6 (3)°, 81.6 (3)° and 60.2 (3)°, 
respectively. The hydroxyl group at Nl atom is displaced from the planar conformation with the pyrrolidine ring. The 05 
— Nl — C8 — C9 torsion angles are very similar in the four molecules, having values of 165.3 (2)°, 164.6 (2)°, 166.0 (2)° 
and 163.5 (2)°, respectively. 

In the crystal, O — H—N hydrogen bonds between the hydroxyl group and the nitrogen atom of the iV-hydroxy- 
pyrrolidine link adjacent molecules into dimers (Table 1 and Fig. 3). The dimers form six-membered rings and present an 
anti-parallel orientation along the [010] direction, as is shown in the crystal packing (Fig. 4). 

The structure of (3R,4S)-3,4-Isopropylidenedioxy-5-phenylsulfonylmethyl-3,4-dihydro-2H-pyrrole 1-oxide has been 
determined by Flores et al. (201 lb). 

Experimental 

The title hydroxylamine, (II), was obtained stereoselectively by nucleophilic addition of lithio(phenylsulfonyl)methane to 
(3S, 4K)-3,4-isopropylidenedioxypyrroline- 1-oxide (I) according to the methodology described by us (Flores et al. 2010). 
The stereochemistry of (II) was established studying its NMR spectra and observation of the nOes that this molecule 
displays. The X-ray analysis corroborated its configuration. Well shaped colourless single crystals were obtained by 
crystallization from hexane/EtOAc. 
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Refinement 



The hydrogen atoms were positioned geometrically, with C — H distances constrained to 0.93 A (aromatic), 0.96 A 
(methyl), 0.97 A (methylene) and refined in riding mode with (7 is0 (H) = xUeq(C), where x = 1.5 for methyl H atoms and x 
= 1.2 for all other H atoms. The hydroxyl hydrogen atoms were positined with an O — H distance of 0.82 A, starting from 
the difference Fourier map coordinates and with £/i S0 (H) = 1.5 U eq (0). 

Computing details 

Data collection: APEX2 (Bruker, 2006); cell refinement: SAINT (Broker, 2006); data reduction: SAINT (Broker, 2006); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: Mercury (Macrae et ah, 2006); software used to prepare material for publication: 



SHELXTL (Sheldrick, 2008). 





THF, -78°C 
48% 




o- 



OH 



I 



II 



Figure 1 

Reaction scheme. 
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Figure 2 

Views of molecules A, B, C and D with the atomic numbering schemes. Displacement ellipsoids are drawn at the 30% 
probability level. Hydrogen atoms are shown as spheres of arbitrary radius. 
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Figure 4 

Crystal packing of G4H19NO5S viewed along a axis, showing intermolecular hydrogen bonding. 
(2/?,3S,4/?)-3,4-lsopropylidenedioxy-2- (phenylsulfonylmethyl)pyrrolidin-l-ol 



Crystal data 

Ci 4 H 19 N0 5 S 
M r = 313.36 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 9.1876 (2) A 
b= 19.5284 (5) A 
c= 17.9187 (5) A 
P= 102.658 (2)° 
V= 3136.82 (14) A 3 
Z=8 

Z)afa collection 

Bruker APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
phi and a> scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2006) 
7^ = 0.730,7^ = 0.817 



F(000) = 1328 

D x = 1.327 MgnT 3 

Cu Ka radiation, X = 1.54178 A 

Cell parameters from 9406 reflections 

9 = 4.9-63.6° 

ju = 2.02 mnr 1 

T=298K 

Monoclinic, colorless 
0.20 x 0.15 x 0.10 mm 



46376 measured reflections 
10345 independent reflections 
9616 reflections with I > 2o(I) 
R mt = 0.036 

ftnax = 67.3°, ftnin = 4.5° 



h = -10— >9 
k= -22^22 
/ = -19^21 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 2 )] = 0.048 
wR(F 2 ) = 0.135 
S = 1.03 

10345 reflections 
769 parameters 
1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > o^F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


XI */U 


S1A 


-0.19647(12) 


-0.61777 (4) 


0.05085 (6) 


0.0652 (2) 


OlA 


-0.3193 (6) 


-0.6595 (2) 


0.0564 (3) 


0.1277(16) 


02A 


-0.0537 (5) 


-0.64490 (18) 


0.08459(18) 


0.1012(12) 


03A 


0.1249 (3) 


-0.62313 (16) 


-0.19626(14) 


0.0765 (8) 


04A 


0.1892 (3) 


-0.60587 (18) 


-0.06966(15) 


0.0759 (8) 


05A 


-0.2162 (2) 


-0.49040(11) 


-0.14264(14) 


0.0548 (5) 


H5AO 


-0.1900 


-0.4508 


-0.1472 


0.082* 


N1A 


-0.0905 (3) 


-0.53544 (12) 


-0.13787 (14) 


0.0436 (5) 


CIA 


-0.2376 (4) 


-0.47657 (19) 


0.0578 (2) 


0.0601 (9) 


H1A 


-0.2360 


-0.4738 


0.0062 


0.072* 


C2A 


-0.2580 (5) 


-0.4184 (2) 


0.0980 (3) 


0.0755 (11) 


H2A 


-0.2682 


-0.3760 


0.0737 


0.091* 


C3A 


-0.2633 (7) 


-0.4228 (3) 


0.1733 (3) 


0.1013 (17) 


H3A 


-0.2816 


-0.3837 


0.1995 


0.122* 


C4A 


-0.2419 (8) 


-0.4842 (3) 


0.2107 (3) 


0.114(2) 


H4A 


-0.2421 


-0.4864 


0.2625 


0.137* 


C5A 


-0.2199 (7) 


-0.5428 (3) 


0.1721 (2) 


0.0944 (15) 


H5A 


-0.2055 


-0.5846 


0.1975 


0.113* 


C6A 


-0.2196 (4) 


-0.53896 (18) 


0.09506 (19) 


0.0548 (8) 


C7A 


-0.2040 (4) 


-0.60265 (18) 


-0.0472 (2) 


0.0563 (8) 


H7A1 


-0.2274 


-0.6454 


-0.0747 


0.068* 


H7A2 


-0.2849 


-0.5710 


-0.0663 


0.068* 


C8A 


-0.0619 (3) 


-0.57383 (15) 


-0.06490 (17) 


0.0438 (6) 


H8A 


-0.0101 


-0.5448 


-0.0228 


0.053* 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = lli^iF 2 ) + (0.0765P) 2 + 1.156P] 

where P = (F 2 + 2F 2 )/3 
(A/ f r) max < 0.001 
A/w = 0.34 e A" 3 
Ap mm = -0.38eA- 3 

Absolute structure: Flack (1983), 4863 Friedel 
pairs 

Flack parameter: 0.040 (14) 
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A A/1 A/1 /I ^ A 

U.U4U4 (13) 


A A/1 QH H TA 

0.048 / (13) 


A f\f\1A /1 AA 

—0.0034 (10) 


A A 1 A A ( ' 1 AA 

U.U144 (10) 


A AAOO /1 AA 
0.0029 (10) 


C1d 


U.UVO (3 ) 


A A"7A /"JA 
U.U /U (J ) 


A AAA /T\ 

u.uyu (3 ) 


A AAC /OA 

U.UUj (Z) 


U.UZo (Z) 


A A1 1 /OA 
U.U11 \Z) 


Czb 


A 1 A 1 /CA 

u.141 (:>) 


A (\H A /1A 
U.U /4 (3) 


A Am I A \ 

0.093 (4) 


A AO/1 /1A 

— 0.0Z4 (3) 


A A A 1 /OA 
0.001 (3) 


A A1 "7 /OA 

—0.01 / (3) 


PIT) 

C3b 


A 1 "71 /OA 
U.l /3 (/) 


A AOO //1A 

U.Uoz (4) 


A AA A { A\ 

0.094 (4) 


A A "5 A {A A 

0.030 (4) 


A AO C //I A 

— U.Ozj (4) 


A AO "7 /OA 

—0.03 / (3) 


C4b 


A 1 1 1 / A\ 

U.l 11 (4) 


A 1 11 /CA 

U.133 (d) 


A AO£ t A \ 

0.096 (4) 


A AOA //1A 

0.029 (4) 


A A 1 O /OA 

O.Olo (3 ) 


A ACA //1A 

—0.056 (4) 


C:>b 


a nor /OA 

U.Uoj (3) 


A 1 A/I (A A 

U. 1U4 (4) 


A A"7C S1\ 

0.0/5 (3) 


A AA1 /*2A 
0.001 (3) 


A AOA /OA 

U.UZU (Z) 


A AOO /OA 

—0.022 (2) 


Cob 


A AC/TO /1 AA 

U.U^oJ (ly) 


A AC/TO /1 AA 

u.Ujoo (ly) 


A ACI'J /1 o\ 

0.0513 (18) 


A A(l/T / 1 C A 

0.006 / (15) 


A AA/CO /1 CA 

— U.UUo / (1 j) 


A AACO / 1 C A 

—0.0052 (15) 


C /b 


A AC A A / 1 OA 

U.U344 (lo) 


A AOiC /1 OA 

U.U3ZO (lo) 


A AC/1A /1 OA 

0.0549 (lo) 


A AA"7£ / 1 C A 

0.00 /6 (15) 


A AAA 1 /1/IA 

— U.UUU1 (14) 


A AdO/ / 1 CA 

—0.0086 (15) 


POD 

Cob 


A A/1 /TO ( 1 f \ 

U.U4oz (1 j) 


a moc (A A A 
U.U3yj (14) 


A A/1 1/1 ^1 CA 

0.0414 (15) 


A AAA£ /1 OA 

—0.0006 (lz) 


A AAC/C /1 OA 

U.OUjo (lz) 


A AAOA /1 OA 

—0.00 /0 (12) 


C^b 


U.Ujoo (lo) 


a A/i nr\ / 1 /T\ 

U.U4 /U (lo) 


A m^o (*\ A \ 
0.0369 (14) 


A AA1 Q /1 1A 

—0.0018 (13) 


A AAO 1 /1 OA 

O.OOol (lz) 


A AAOO /1 OA 

0.00/3 (12) 


CI OB 


A / 1 A\ 

0.0557 (19) 


A ATA /^A 

0.079 (2) 


A AC 1 C / 1 "7A 

0.0515 (17) 


A AO A O / 1 "7A 

—0.0242 (17) 


A A 1 TO / 1 CA 

0.0178 (15) 


A AAAC / 1 ^A 

—0.0005 (16) 


CI IB 


A AC/CO / 1 OA 
0.0563 (1 /) 


0.0384 (15) 


A A*} A'? / 1 A A 

0.0393 (14) 


A A A 1 A / 1 *5 A 

—0.0010 (13) 


A AACO / 1 OA 

0.0053 (12) 


A AA/TO / 1 O A 

—0.0062 (12) 


PHD 


n a/ioa /1 aa 
0.0490 (16) 


0.0460 (15) 


A A/1 AA ^1 /1A 

0.0400 (14) 


A AA/1 1 /I 1A 

0.0043 (13) 


A A1 A1 /1 OA 

0.0101 (12) 


A AA1 O /I OA 

—0.0018 (13) 


CUB 


A 1 1 n fA\ 
0. 1 1 / (4) 


A 1 A^ i A\ 

0.105 (4) 


A A"7*2 /1A 

0.0/3 (3) 


A a/;o /^A 
—0.068 (3 ) 


A A1 1 /OA 

0.031 (2) 


A AA 1 /OA 

0.001 (2) 


C14B 


a ac/c /OA 
0.056 (2) 


a j a \ 
0. 126 (4) 


A 1 AT //I A 

0.10 / (4) 


A AA/1 /OA 

—0.004 (2) 


A A*5 O /OA 

0.038 (2) 


A AAO /OA 

—0.003 (3) 


blC 


(1 (loi o /"7A 

0.081s (/) 


A A/1 O £ /C\ 

0.0426 (5) 


A AOOO tn\ 

O.Oooz (/) 


A AAC C 1 A A 
0.0055 (4) 


A AO C A /CA 

—0.0254 (5) 


A AA/1 "7 /CA 

0.004/ (5) 


U1C 


A i OA /OA 

0. 130 (3) 


A AA/I /T\ 

0.094 (3) 


A 1 £C t A\ 

0.165 (4) 


A A£1 /OA 

0.063 (2) 


A a/;o /1A 
—0.068 (3) 


A AOO /OA 

—0.028 (3) 


U2C 


A 1 An /OA 
0. 14 / (3) 


A AAA /0\ 

o.uyu (Z) 


A A"7£Q /1 OA 
0.U /68 (19) 


AACC /OA 

— U.U55 (2 ) 


A A1 O /OA 

— U.U12 (2 ) 


A AO AC /1 OA 

0.0305 (1 /) 


U3C 


(i (i/oi / 1 /:a 
0.06s3 (lo) 


A AOO 

0.088 (Z) 


A f\H 1 A / 1 CA 

0.0619 (15) 


AAIOO /1/IA 

—0.01 82 (14) 


A a mo / 1 O A 

—0.00 /a (12) 


AAIOA /1/IA 

0.0126 (14) 


U4C 


0.0583 (15) 


A AO/I ZO\ 

0.084 (z) 


A (\H A A 1 1 £A 

0.0/04 (16) 


A AOOO /10A 

—0.0222 (13) 


AA1/1A /10A 

0.0149 (12) 


A AAIO /10A 

—0.0018 (13) 


U5C 


0.055 / (13) 


0.0464 (lz) 


A AACC /1 OA 

0.0955 (18) 


A AAA1 /1 AA 

—0.0001 (10) 


A mci /I QA 
0.0283 (13) 


A AACO /1 OA 

0.0059 (13) 


JN 1C 


U.U5UO (14) 


U.U36Z (1Z) 


A ACT2 ( \ A \ 

U.U5Z3 (14) 


A AAOI /1 AA 

—0.0023 (10) 


AA110/11A 

o.ui iy (ii) 


A AAO C / 1 AA 

0.0035 (10) 


C1C 


0.094 (3) 


0.063 (3) 


A AOO A 

0.088 (3) 


A AAC /OA 

—0.005 (2) 


A AOO /OA 

—0.022 (2) 


A AAO /OA 

0.003 (2) 


C2C 


0.1 09 (4) 


A ACA ZO\ 
0.059 (Z) 


A 1 1 A /"/1A 

0. 114 (4) 


A A 1 C /OA 

—0.015 (2) 


A A1 A /1A 

-0.019 (3) 


A A1 O /OA 

0.012 (3) 


C3C 


O.lo / (o) 


A AO C \ 
0.085 (3) 


A A"7"7 /'JA 
0.0/ / (3) 


A ACT i A A 

—0.05 / (4) 


A A 1 1 /■} A 

—0.013 (3) 


A AA/: /OA 

0.006 (3) 


C4C 


0.226 (8) 


0.116(5) 


0.084 (4) 


-0.065 (5) 


-0.053 (4) 


0.024 (3) 


C5C 


0.171 (6) 


0.085 (3) 


0.079 (3) 


-0.042 (4) 


-0.035 (3) 


0.030 (3) 


C6C 


0.062 (2) 


0.057 (2) 


0.068 (2) 


-0.0115 (16) 


0.0003 (17) 


0.0035 (17) 


C7C 


0.0513 (18) 


0.051 (2) 


0.074 (2) 


0.0101 (15) 


0.0025 (16) 


-0.0061 (16) 


C8C 


0.0467 (17) 


0.0404 (15) 


0.0460 (16) 


-0.0004 (12) 


0.0041 (12) 


-0.0025 (12) 
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/ I ll" 

C9C 


A f\£A /o\ 

U.Uo4 (z) 


A A/1 T7 /1 H\ 
U.U4Z / (1 /) 


A A/1 £H /1 

U.U40 / (lo) 


n nn^n /1 /i\ 
— U.UUoU (14) 


A AAAC i\ A\ 
\).yj\J\)J (14) 


A AACO /1 1A 
V.UVD2 (13) 


r i np 

C1UC 


a 1 /o\ 
U.Uol (Z) 


A AO O /O \ 

U.UOO (3) 


A AOiC /O \ 

U.Uoo (3) 


a An /o\ 
— U.UZ / (z) 


A AAO /T\ 

—v.vv2 (2) 


A A 1 £. /OA 

U.U 16 (z) 


cue 


a aoa /o\ 
U.U8U (z) 


A AO AA / 1 £\ 

U.U399 (lo) 


A ACO / /1 Ol 

U.Udzo (lo) 


A AA/1 1 / 1 C\ 

— 0.UU41 (Ij) 


A AA/ A / 1 

— U.UU64 (lo) 


A AAOO /1 A\ 
— U.UUZ3 (14) 


/ " 1 0 ( ' 

ClzC 


A A-7/r /o\ 

U.U/o (2) 


A A/IOC /1 OA 

U.U49D (lo) 


A ACAA /1 Q\ 

U.U3UU (lo) 


A A1 AC ^1 ^1 

U.U1UD (lo) 


a a i co /1 
U.UlDZ (lo) 


A AAIO /1 A\ 

— U.UU39 (14) 


CI 


A A/1 o /o\ 

U.U40 (3) 


U. 14z (o) 


(i igr in\ 
U.lOD (/) 


A AAQ 

— U.UUo (3 ) 


A HA/ /OA 

U.UUo (3 ) 


A AOO /CA 

0.022 (5 ) 


pi ip 
C14C 


a 1 'j 'j /c\ 
U.133 (j) 


A 111 /r\ 
U.124 (5) 


A 1 1 1 i A \ 

U.113 (4) 


A AO A //I A 

— U.UoU (4) 


A AA A f A \ 
U.UU4 (4) 


A A 1 O i A \ 

0.0 lo (4) 


cm 


(1 ii on ZO\ 
U.llo9 (5) 


A A/1 1 'I t A\ 

U.U413 (4) 


A AC (in 1 A\ 

U.U3U9 (4) 


A AA1A /C\ 

U.UUzU (p) 


A a^t/; /c\ 
U.U3 lb (3) 


A AAC C //I \ 
U.UUDD (4) 


Mill 

OlD 


a ki: /o \ 
U. 1_>0 (3) 


A AAO ZO\ 
U.U9Z (2) 


A AA1 /1\ 

U.U93 (Z) 


A A/1 £ /TX 

— U.U46 (z) 


A AO 1 

U.Uol (z) 


A AAA/T / 1 0\ 

— U.UU96 (lo) 


UzD 


A 1 OA (A \ 

U.loU (4) 


A nnc /1 o^ 
U.U /zo (IV) 


U.U3S3 (lo) 


A A/1 C /II 

U.U43 (z ) 


A Al/O /1 A\ 

U.Uzo9 (19) 


A A1 A1 /1 A\ 
U.U1U1 (14) 


03D 


A A"7A 1 / 1 C\ 
U.U /Ul (13) 


U.U/OZ (1 /) 


A ACTT /I 1\ 

U.Udz / (Iz) 


U.U1 /I (13) 


A AO A O / 1 0\ 

U.UZ43 (lz) 


A AA/n / 1 o\ 

U.UUo / (lz) 


04D 


A ncci /1 /l\ 

U.Uddj (14) 


A AAO 

U.U9 / (z) 


A A£AQ ^ A\ 

U.UoUo (14) 


A A 1 HH { ^ 1 \ 
U.U1 / / (13) 


A AAOC /1 1 \ 

U.UUZ3 (11) 


A A1 AO i \ A \ 

— U.U193 (14) 


OjD 


A A /I OO / 1 1 \ 
U.U40 / (11) 


A A/1H /1 1 \ 
0.0422 (11) 


A A£A£ /I 1\ 

U.UoUo (lz) 


A AA/ 1 fC\\ 

U.UUol (9) 


A A1 ill /A\ 

U.U143 (9) 


A AAC"7 / 1 A\ 
U.UU3 / (1U) 


XT1 F\ 
JN 11J 


A A/IO"A /1 0\ 

U.U4 /U (13) 


A A1 /I /I /I ^ 

U.U344 (lz) 


U.U3 / / (lz) 


A AAIA iCi\ 

U.UUZU (9) 


A AA"7£ /1 AA 
U.UU/O (1U) 


A AAOA /A\ 
U.UUZU (9) 


C1D 


A 1 £/1 /C\ 

U.164 (3) 


A AC"7 ZO\ 
U.U3 / (3) 


A AA^ / A\ 

U.U96 (4) 


A A1 A f1\ 

U.U19 (3) 


A A1 A /^A 
U.U19 (3) 


A A1 o /o^ 

— U.Ulz (z) 


/nil 

CzD 


A Ton /I n\ 

U.zo / (1U) 


A A/I A 

U.U49 (3) 


A 1 A*} 

U.1U3 (j) 


A AAO 1 A \ 

U.UUo (4) 


A A/O //A 

U.Uoz (o) 


A A 1 A /O \ 
— U.U1U (3) 


/■"ill 
C3D 


A O £"7 / 1 A\ 

U.jo / (14) 


A A"7C //I \ 
U.U/3 (4) 


A A"7A / A\ 
U.U /9 (4) 


A A/1 O i d\ 

— U.U4o (6) 


U.Uo/ (o) 


A A 1 *7 /O \ 
— U.U1 / (3) 




A TOO /1 0\ 

0.292 (lz) 


A 1 0 0 /0\ 
U.13Z (/) 


A AA 1 /'CA 
U.U91 (3) 


A A£0 (H\ 

— U.Uoo (/) 


A AO A t£\ 

— U.UZ4 (o) 


A A1 1 /C\ 
— U.U11 (j) 




A 1 AC ZO\ 
U.195 (/) 


a ftm //i\ 
U.U9z (4) 


a a/;a 
U.U69 (3) 


a ah 
— U.Uzz (4) 


A AOO / A\ 

—0.(122 (4) 


A AAA /0\ 
U.UUU (3) 


CoD 


A 1 1 1 ZO\ 

U.113 (3) 


A A A C C / 1 n\ 

U.U4oj (19) 


A AC /I ZO\ 

U.U34 (Z) 


A A AT 1 / 1 n\ 

U.UUzl (19) 


A AT 1 /OA 

U.U3 / (z) 


A AAO /I / 1 C\ 

— U.UU34 (13) 


i -?ii 


A A£0 /'OA 

u.uoy (Z) 


A ACAA /1 C\ 

U.UDUU (18) 


A A/1 OA ^1 £\ 

U.U40U (lo) 


A A 1 A/1 / 1 c^ 

— U.U1U4 (Id) 


A AO 1 C /1 C\ 
U.Uzlj (ID) 


A AAA/; /1 A\ 

— U.UUUo (14) 


/ I'M 

CoD 


A A/1 AO" /1 £1 

U.U49 / (lo) 


A AOA1 /1 A\ 

U.U391 (14) 


A f\1A6. /1 ^A 

U.U340 (13) 


A AA1 H /1 0^ 

— U.UU1 / (lz) 


A AAA1 /1 1 \ 

U.UU91 (11) 


A AAAO / 1 1 \ 

— u.uuus (11) 


/ (if/ 

C9D 


A (Iitti /1 n\ 

U.Uozz (19) 


A A/1 "3 A /1 /:\ 

U.U439 (lo) 


A Ann t*\ A\ 
U.U3 /9 (14) 


A AAOO /1 1\ 

U.UUoo (13) 


A AAOO /A *y\ 

U.UUoo (13) 


A AA7/ /1 0\ 

U.UU/o (lz) 


C10D 


0.065 (2) 


0.082 (3) 


0.066 (2) 


0.020 (2) 


0.0156(18) 


-0.004 (2) 


cud 


0.066 (2) 


0.0420 (16) 


0.0450(16) 


0.0021 (14) 


0.0109(14) 


-0.0063 (13) 


C12D 


0.0551 (17) 


0.0465 (16) 


0.0364 (14) 


-0.0018(13) 


0.0057 (12) 


-0.0039 (12) 


C13D 


0.127 (4) 


0.109 (4) 


0.084 (3) 


0.073 (3) 


0.021 (3) 


0.002 (3) 


C14D 


0.073 (3) 


0.163 (6) 


0.156(6) 


-0.006 (4) 


0.049 (4) 


-0.007 (5) 



Geometric parameters (A, ") 


SIA— OlA 


1.414(3) 


SIC— OIC 


1.419(4) 


SIA— 02A 


1.421 (4) 


SIC— 02C 


1.427 (4) 


SIA— C6A 


1.765 (4) 


SIC— C6C 


1.757 (4) 


SIA— C7A 


1.767 (4) 


SIC— C7C 


1.764 (4) 


03 A— C11A 


1.395 (5) 


03C— C10C 


1.407 (6) 


03 A— CI OA 


1.422 (5) 


03C— cue 


1.428 (5) 


04A— C9A 


1.401 (5) 


04C— C9C 


1.418 (4) 


04A— CI OA 


1.425 (5) 


04C— C10C 


1.424 (5) 


05A— N1A 


1.439 (3) 


05C— NIC 


1.432 (3) 


05A— H5AO 


0.8200 


05C— H5CO 


0.8200 


N1A— C12A 


1.461 (4) 


NIC— C12C 


1.460 (4) 


N1A— C8A 


1.480 (4) 


NIC— C8C 


1.477 (4) 


CIA— C2A 


1.380 (5) 


CIC— C2C 


1.366 (7) 


CIA— C6A 


1.382 (5) 


CIC— C6C 


1.394 (6) 


CIA— H1A 


0.9300 


CIC— H1C 


0.9300 


C2A— C3A 


1.363 (7) 


C2C— C3C 


1.345 (7) 


C2A— H2A 


0.9300 


C2C— H2C 


0.9300 


C3A— C4A 


1.366 (8) 


C3C— C4C 


1.379 (9) 


C3A— H3A 


0.9300 


C3C— H3C 


0.9300 


C4A— C5A 


1.374 (7) 


C4C— C5C 


1.367 (8) 
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/~1 A \ T T A A 

C4A — H4A 


r\ r\ -~y A A 

0.9300 


f • r A /~i /" A 

C5A — C6A 


1 TOO / C\ 

1.383 (5) 


C5A — H5A 


a ai a a 

0.9300 


C7A — C8A 


1 C 1 O S A \ 

1.518 (4) 


f ' -7 * T n A 1 

C7A — H7A1 


A AT A A 

0.9700 


f ' "7 A T n A 1. 

C7A — H7A2 


A AT A A 

0.9700 


/—I o a /~i a A 

C8A — C9A 


1.521 (4) 


r~\ OA T TO A 

C8A — H8A 


A flOAA 

0.9800 


C9A — C11A 


1.570 (5) 


C9A — H9A 


/-y f\ O A A 

0.9800 


C10A — C14A 


1.498 (9) 


C10A — C13A 


1.520 (8) 


C11A — C12A 


1.510 (5) 


f-\ 11A TT11A 

C11A — HllA 


0.9800 


✓""1 1 ^% A T T 1 ^ A 

C12A — H12A 


0.9700 


r * 1 r\ a IT1 1 

C12A — H12B 


0.9700 


f ' lOA tti T » 

C13A — H13A 


0.9600 


nil 1 Til on 

C13A — H13B 


0.9600 


S~i 1 ^> A Til 1 /"< 

C13A — H13C 


0.9600 


f • l^A Til /| A 

C14A — H14A 


0.9600 


f~* 1 A A TT1/IT) 

C14A — H14B 


a a/:aa 

0.9600 


/— « 1 /I A T T 1 /I 

C14A — H14C 


0.9600 


SIB — 02B 


1.403 (4) 


SIB — OIB 


1 ,1 O A \ 

1.430 (3) 


SIB — C7B 


1.766 (3) 


SIB — C6B 


1.766 (4) 


03B — CI OB 


1.428 (4) 


/~\o ti /"< 1 1 r> 

03B — CUB 


1 /11A / /I \ 

1.429 (4) 


(J4B — C 1 OB 


1.427 (4) 


04B — C9B 


1.428 (4) 


rvrn \ti n 

05B — NIB 


1 /I ") 1 /O \ 

1.432 (3) 


05B — H5BO 


s\ o a a 

0.8200 


NIB — LlzB 


1.473 (4) 


Tl T "1 T~\ S~ ^ O T~\ 

NIB — C8B 


1.481 (4) 


f ' 1 T~"> f~ ' f T~"> 

C1B — C6B 


1.372 (6) 


/—I i t~» f ' 1 T~"l 

C1B — C2B 


1.384 (7) 


f ' i r-> T T 1 T~") 

C1B — H1B 


0.9300 


C2B — C3B 


1.347 (10) 


c ' "\ r - ) inn 

C2B — H2B 


0.9300 


C3B — C4B 


1 HA /1 AN 

1.329 (10) 


/r>n inn 

C3B — H3B 


0.9300 


C4B — C5B 


1 -i r\ s~ /r\\ 

1.406 (9) 


r ~ * a T~» T T A T"*k 

C4B — H4B 


0.9300 


C5B — C6B 


1.356 (6) 


C5B— H5B 


0.9300 


C7B— C8B 


1.540 (4) 


C7B— H7B1 


0.9700 


C7B— H7B2 


0.9700 


C8B— C9B 


1.502 (4) 



C4C — H4C 


0.9300 


C5C — C6C 


1.367 (6) 


C5C — H5C 


f\ C\'-\ f\f\ 

0.9300 


C7C — CSC 


1.528 (4) 


C7C — H7C1 


r\ f\^l f\f\ 

0.9700 


C7C — H7C2 


/\ C\^l f\f\ 

0.9700 


C8C — C9C 


1.517 (4) 


CSC — H8C 


0.9800 


C9C — cue 


1.558 (5) 


C9C — H9C 


A AO A A 

0.9800 


C10C — C14C 


1 j— ^ A / "7 \ 

1.520 (7) 


C10C — C13C 


1.525 (8) 


cue — ci2c 


1.494 (5) 


/"< 1 1 T T 1 1 f ^ 

cue — hiic 


A AO A A 

0.9800 


C12C — H12E 


A A^ A A 

0.9700 


C12C — H12F 


A A^ A A 

0.9700 


C13C — H13G 


0.9600 


1 O /~> T T 1 ITT 

C13C — H13H 


A A/" A A 

0.9600 


f ^ -1 1 /" t TTI TT 

C13C — H131 


0.9600 


Z" 1 1 /I /" "• T T 1 A f ^ 


0.9600 


/- ' 1 /I /-^ TTI /ITT 


A A/TAA 

0.9600 


^ a tti/1t 

C14C — HI 41 


A A/" A A 

0.9600 


SID — 02D 


1 < 1 A //|\ 

l .410 (4) 


SID — OlD 


1 /in \ 

1.422 (3) 


SID — C6D 


1.757 (4) 


SID — C7D 


1.760 (3) 


03D — C10D 


1.391 (5) 


03D — CUD 


1 /I 1 O / A \ 

1.418 (4) 


U4D — C9D 


1.412 (4) 


04D — C10D 


1 /I A A f C \ 

1.440 (5) 


05D — N1D 


1 /I O A \ 

1.439 (3) 


05D — H5DO 


A Ol AA 

0.8200 


N1D — CSD 


1.471 (4) 


N1D — C12D 


1.471 (4) 


C1D — C2D 


1 O OA /ON 

1.380 (8) 


C1D — C6D 


1 IOC i1\ 

1.385 (7) 


z' ' \ T-\ TTI T~\ 

C1D — HID 


A AT AA 

0.9300 


C2D — C3D 


1.372 (13) 


C2D — H2D 


A AO A A 

0.9300 


C3D — C4D 


1.339 (13) 


Pin TTTI~\ 

C3D — H3D 


A AO A A 

0.9300 


C4D — C5D 


1.386 (10) 


C4D — H4D 


A AO A A 

0.9300 


C5D — C6D 


1.356 (7) 


C5D— H5D 


0.9300 


C7D— C8D 


1.529 (4) 


C7D— H7D1 


0.9700 


C7D— H7D2 


0.9700 


C8D— C9D 


1.522 (4) 
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C8B— H8B 
C9B— CUB 
C9B— H9B 
C10B— C14B 
ClOB— C13B 
CUB— C12B 

cub— hub 

C12B— H12C 
C12B— HI 2D 
C13B— H13D 
C13B— H13E 
C13B— H13F 
C14B— HMD 
C14B— H14E 
C14B— H14F 



0.9800 

1.563 (4) 

0.9800 

1.505 (7) 

1.511 (6) 

1.499 (4) 

0.9800 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 



C8D— H8D 
C9D— CUD 
C9D— H9D 
C10D— C14D 
C10D— CI 3D 
CUD— C12D 
CUD— HI ID 
CI 2D— H12G 
CI 2D— H12H 
CI 3D— HI 3 J 
CI 3D— H13K 
CI 3D— H13L 
C14D— H14J 
C14D— H14K 
C14D— H14L 



0.9800 

1.560 (4) 

0.9800 

1.496 (8) 

1.531 (7) 

1.508 (4) 

0.9800 

0.9700 

0.9700 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 

0.9600 



01A— S1A— 02A 
01A— S1A— C6A 
02A — SI A — C6A 
01A— S1A— C7A 
02A — SI A — C7A 
C6A — SI A — C7A 
C11A— 03 A— CI OA 
C9A — 04 A — CI OA 
N1A— 05A— H5AO 
05 A — N1A — C12A 
05 A — N1A — C8A 
C12A— N1A— C8A 
C2A— CIA— C6A 
C2A— CIA— HI A 
C6A— CIA— HI A 
C3A— C2A— CIA 
C3A— C2A— H2A 
CIA— C2A— H2A 
C2A— C3A— C4A 
C2A— C3A— H3A 
C4A— C3A— H3A 
C3A— C4A— C5A 
C3A— C4A— H4A 
C5A— C4A— H4A 
C4A— C5A— C6A 
C4A— C5A— H5A 
C6A— C5A— H5A 
CIA— C6A— C5A 
CIA— C6A— SI A 
C5A — C6A — SI A 
C8A — C7A — SI A 
C8A— C7A— H7A1 
SI A — C7A — H7A1 



115.6 (3) 

107.1 (2) 
109.0 (2) 
108.0 (2) 
108.44(18) 
108.54 (16) 
109.0 (3) 
108.3 (3) 
109.5 
109.9 (2) 
110.3 (2) 
105.8 (2) 

119.3 (3) 
120.4 
120.4 

120.2 (4) 
119.9 
119.9 
120.5 (4) 
119.8 
119.8 

120.4 (4) 
119.8 
119.8 

119.3 (4) 
120.4 
120.4 

120.2 (4) 

124.4 (3) 

115.3 (3) 
115.0(2) 
108.5 
108.5 



01C— SIC— 02C 
01C— SIC— C6C 
02C— SIC— C6C 
01C— SIC— C7C 
02C— SIC— C7C 
C6C— SIC— C7C 

cioc— 03C— cue 

C9C— 04C— C10C 
NIC— 05C— H5CO 
05C— NIC— C12C 
05C— NIC— C8C 
C12C— NIC— C8C 
C2C— C1C— C6C 
C2C— C1C— H1C 
C6C— C1C— H1C 
C3C— C2C— C1C 
C3C— C2C— H2C 
C1C— C2C— H2C 
C2C— C3C— C4C 
C2C— C3C— H3C 
C4C— C3C— H3C 
C5C— C4C— C3C 
C5C— C4C— H4C 
C3C— C4C— H4C 
C6C— C5C— C4C 
C6C— C5C— H5C 
C4C— C5C— H5C 
C5C— C6C— C1C 
C5C— C6C— SIC 
C1C— C6C— SIC 
C8C— C7C— SIC 
C8C— C7C— H7C1 
SIC— C7C— H7C1 



116.9(3) 

108.1 (2) 
108.9 (2) 

108.0 (2) 
108.11 (19) 
106.37 (18) 

108.7 (3) 

107.4 (3) 
109.5 

110.2 (3) 

111.2 (2) 

106.1 (2) 
120.1 (4) 
120.0 
120.0 
119.9(5) 
120.0 
120.0 

120.8 (5) 
119.6 
119.6 

119.3 (5) 
120.4 
120.4 

120.5 (5) 
119.8 
119.8 
118.5 (4) 
115.5 (3) 
125.5 (3) 
114.8(3) 
108.6 
108.6 
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C8A — C7A — H7A2 


108.5 


(~1 1 » /^n A T n A 1 

Si A — C7A — H7A2 


108.5 


Tin A 1 /"< "7 A TTH A 1 

H7A1 — C7A — H7A2 


107.5 


XT 1 A /~< O A /~i^7 a 

N1A — C8A — C7A 


1111 / 1 \ 

112.3 (3) 


XT1 A /~< o A /" ' f A a 

N 1 A — C8A — C9A 


1 AA C /1\ 

100.5 (2) 


pi "7 a rio A infv A 

C7A — C8A — C9A 


112.5 (3) 


\t 1 a rin A TTO A 

N1A — C8A — H8A 


110.4 


/"< "7 A no A TTO A 

C7A — C8A — H8A 


110.4 


p i \ * P o A TTO A 

C9A — C8A — H8A 


110.4 


f A j a A /\ a no A 

04 A — C9A — C8A 


111.1 (3) 


/~\ A A P C\ A f ' 1 1 A 

04 A — C9A — CllA 


103.7 (3) 


p o A /~1 ("v a P 1 1 A 

C8A — C9A — CllA 


1 A A "7 

104.7 (3) 


f \ A A /~1 A * T I A A 

04A — C9A — H9A 


112.3 


C8A — C9A — H9A 


112.3 


s~i 1 -1 A /^(A A T T /"\ A 

CllA — C9A — H9A 


112.3 


03 A — CI OA — 04A 


1 /~\ ^> O /I \ 

103.8 (3) 


/"~\1 A 1 A A /" < 1 A \ 

03A — CI OA — C14A 


109.5 (4) 


/-\ a i P 1 A A /~i 1 /I A 

04 A — C l OA — C 1 4 A 


1 aa a / c\ 

109.0 (5) 


S"\ ~\ a Pi 1 A A f 1 1 ^> A 

03 A — CI OA — C13A 


1 /"\i"\ 1 / ^\ 

109.4 (5) 


/-" A A A /"I 1 A A f ~ * 1 ^> A 

04A — C l OA — C 1 3 A 


110.1 (4) 


C 14A — C 1 OA — C 1 3 A 


11/1 A /C\ 

114.4 (5) 


03 A — CllA — C12A 


110.5 (3) 


03 A — CllA — C9A 


104.1 (3) 


C12A — CllA — C9A 


1 A £" /~\ / "> \ 

105.0 (3) 


/"\1 A /"■ 1 1 A Til 1 A 

03A — CllA — H11A 


1111 

112.2 


/- ' 4 A 1 y "4 -1-|A T T "1 "1 A 

C12A — CllA — HllA 


112.2 


/"^ f\ a /"I 1 1 A T T "1 "1 A 

C9A — CllA — HllA 


112.2 


\T| A 1 /"\ * /"I 1 1 A 

NIA — C12A — CllA 


102.0 (3) 


XT 1 A /"< 1 1 A TT1 1 A 

NIA — C12A — H12A 


111 A 

111.4 


/"I 1 1 A /"I 1 1 A III A 1 

CllA — C12A — H12A 


111.4 


X T 1 A f s 1 1 A III A TA 

NIA — C12A — H12B 


111.4 


rii 1 a /~i 1 i A tti in 

CllA — C12A — H12B 


111 A 

111. 4 


tti i a /~i 1 1 A T T 1 IT) 

H12A — C12A — H12B 


1 aa i 

109.2 


r * 4 f\ A pi 1 1 A T T 1 "> A 

C10A — C13A — H13A 


109.5 


r * A (\ k f ' 1 1 A T T 1 "1 T~A 

C10A — C13A — H13B 


109.5 


Til ^ A /~1 1 1 A TTI 1 TA 

HI 3 A — C13A — H13B 


109.5 


r * A (\ k pi 1 ^> A T T 1 "1 /"I 

C10A — C13A — H13C 


109.5 


T T 1 1 A 1 "> A T T 1 1 A 

HI 3 A — C13A — H13C 


109.5 


TT 1 1 TA /" 1 1 A T T 1 "> /~1 

H13B — C13A — H13C 


109.5 


s~~1 1 /A A P A A k TTI i A 

C10A — C14A — H14A 


109.5 


P 1 /A A P 1 ^ A TTI /I T~A 

C10A — C14A — H14B 


109.5 


TT1 A A /" < 1 a a TT1 /I T> 

H14A — C14A — H14B 


109.5 


C10A — C14A — H14C 


1 Afl C 

109.5 


TT1 A A 1 /I A TT1 /I 

H14A — C14A — H14C 


1 ah c 

109.5 


H14B— C14A— H14C 


109.5 


02B— SIB— OIB 


119.8(2) 


02B— SIB— C7B 


108.65 (18) 


OIB— SIB— C7B 


106.76 (19) 


02B— SIB— C6B 


107.9(2) 



C8C — C7C — H7C2 


1 AO 

108.6 


SIC — C7C — H7C2 


108.6 


i n/" " i f "i f ' t t ~7 /" ^ i 

H7C1 — C7C — H7C2 


1 AH /" 

107.6 


NIC — C8C — C9C 


AA A /1\ 

99.9 (2) 


NIC — C8C — C7C 


112.3 (3) 


C9C — C8C — C7C 


1 1 1 O /I \ 

112.8 (3) 


NIC — C8C — H8C 


1 1 A r 

110.5 


C9C — C8C — H8C 


110.5 


C7C — C8C — H8C 


1 1 A C 

110.5 


04C — C9C — C8C 


1 1 A ") /I \ 

110.3 (3) 


04L — C9C — C 11C 


1 A/1 1 /T\ 

104.2 (3) 


esc — C9C — cue 


1 AC A /") \ 

105.0 (3) 


04C — C9C — H9C 


ill! 
112.3 


C8C — C9C — H9C 


112.3 


C 1 1 C — C9C — H9C 


112.3 


A "> /" " z^ 1 1 A/~^ /"A /I /" " 

03 C — C10C — 04C 


1 A A 1 /I \ 

104.3 (3) 




111 1 /C\ 

111.3 (d) 


/-A /ip P 1 AP pi /IP 

04C — C10C — C14C 


1 1 A 1 / A \ 

110.2 (4) 


/" a -> p p -i r\p p -1 i p 

03C — C10C — CDC 


1 AT C i A \ 

107.5 (4) 


p. /i p p -i /"\p p 1 ^> p 

04C — C10C — C13C 


108.5 (5) 


p 1 ,i p p 1 a/" 1 rnr 


114.6 (5) 


p -> p piip /- < 1 1 /■ < 
03C — C11C — C12C 


1 A A O /"> \ 

109.8 (3) 


Piip P1 1 P z' "• A / ^ 

03C — C11C — C9C 


1 AO 1 / T \ 

103.3 (3) 


C 1 2C — C 1 1 C — C9C 


1 A C 1 /I \ 

105.3 (3) 


P-O P P 1 1 P TTI 1 /I 

O 3 C — C 1 1 C — H 11C 


in/ 
112.6 


/~1 1 1 P< 1 1 /~1 T T 1 1 P< 

C12C — cue — HllC 


112.6 


PAP P 1 1 P T T 1 1 P 

C9C — e 1 1 e — h lie 


112.6 


XT1 P P 1 1 P P 1 1 P 

Nie — ci2c — cue 


1 A1 1 / ") \ 

102.1 (3) 


XT1/~" nnr tti tt-; 

n i e — e i 2c — h 12b 


111 A 

111.4 


/"' i i p p -i ^ p T T 1 1 T -1 

C11C — C12C — H12E 


111.4 


XT 1 f ^ 1 1 f ' tti ir 

N 1 C — C 1 2C — H 1 2F 


111.4 


n i r pnn tti it: 

cue — eiic — nut 


111 A 

111.4 


HI 2b — C12C — HI lb 


1 An o 

109.2 


f ^ -1 r\t~\ p 1 i p T T 1 ") ' 

C10C — C13C — H13G 


109.5 


p -1 /"\p p 1 i p T T 1 ITT 

C10C — C13C — H13H 


109.5 


TT1 IP P 1 "> P T T 1 TTT 

H13G — C13C — H13H 


1 A A C 

109.5 


p i rip p 1 i p TT1 IT 

C10C — C13C — HI 31 


109.5 


TT1 1 p 1 p i i p TT1 TT 

H13G — C13C — H131 


109.5 


T T 1 ITT P 1 1 P T T 1 1 T 

H13H — C13C — H131 


109.5 


P 1 AP P 1 /t P TTI /ir 1 

C 1 0C — C 1 4C — H 1 4G 


1 AA C 

109.5 


f ' 1 (\f~ ' 1 /I TT1/1TT 

C 1 0C — C 1 4C — H 1 4H 


1 AA C 

109.5 


TT1 A t~* 1 /I TT1 /ITT 

H14G — C14C — H14H 


1 AA C 

109.5 


f ' 1 ' TT1/1T 

c i oe — e i 4c — h 1 4i 


1 An c 

109.5 


H14G — C14C — HI 41 


1 An c 
109.3 


H14H— C14C— H14I 


109.5 


02D— SID— OlD 


118.3 (2) 


02D— SID— C6D 


108.3 (2) 


OlD— SID— C6D 


108.4 (2) 


02D— SID— C7D 


108.06 (18) 
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(J 1 B — S 1 B — C6B 


1 AO" A /- / 1 0\ 

107.96 (lo) 


(J 1 U — iS 1 D — C7D 


1 f\H 1 /OA 

107.1 (2) 


p -7 d n 1 n f /. d 

C7B — S 1 B — C6B 


1 A A OA / 1 H\ 

104.84 (17) 


C6D — S 1 D — C7D 


1 C\mC 1 A /I H\ 

106.10 (17) 


1 An P "> D P I 1 r> 

C10B — 03B — CUB 


1 AO A /1\ 

108.4 (2) 


C 1 0D — 03D — C 1 1 D 


1 AO O /O \ 

108.2 (3) 


C 1 OB — (J4B — C9B 


1 AO C t"i \ 

108.5 (3) 


/-inn / i 1 1 \ / • | / 1 1 1 

C9D — (J4D — C 1 0D 


1 AO 1 /"> \ 

108.1 (3) 


xt 1 d rn ttt d /"\ 

NIB — 05B — H5BO 


109.5 


XT1 r\r n TTf r\A 

N1D — 05D — H5DO 


109.5 


s \ c d xt 1 d p 1 0 d 

05B — NIB — C12B 


1 1 A A \ 

110.0 (2) 


05D — N ID — C8D 


1 1 A 1 /ON 

110.7 (2) 


ncTi xtid /" 0 d 

(J5B — N IB — CoB 


111 i /n\ 

111.2 (2) 


U5U — N ID — C12D 


1 AA O ZO\ 

109.0 (2) 


p 1 0 r"> xt 1 d /^on 

C12B — NIB — C8B 


1 A /I A /^D 

104.9 (2) 


C8D — N1D — C12D 


1 A C A /O \ 

105.4 (2) 


c ' c r> /"< 1 d / ^ 0 d 

C6B — C 1 B — C2B 


1 OA A /C\ 

120.9 (5) 


C2U — C 1 D — CoD 


linn 

119.7 (6) 


/" 1 /-_ 0 (~ ' 1 D TT1T> 

C6B — C 1 B — H 1 B 


1 1 A C 

119.5 


C2D — C 1 D — H 1 D 


1 OA O 

120.2 


/"'OD nin TT1D 

C2B — CIB — H1B 


1 1 A C 

119.5 


s~~\ /" r-\ /" < i -r-v T T 1 T^\ 

C 6D — C 1 D — H 1 D 


1 OA O 

120.2 


C3B — C2B — CIB 


1 1 O C f £\ 

118.5 (6) 


/-ion /"<ot"\ pi n 

C3D — C2D — C1D 


1 1 O O /n\ 

118.3 (7) 


p 0 0 nn 1 nn 

C3B — C2B — H2B 


1 OA O 

120.0 


C3U — C2U — H2U 


1 OA A 

120.9 


r<i n pod iiin 

C 1 B — C2B — H2B 


1 OA O 

120.8 


pi r\ POT~\ TTOT~\ 

C 1 D — C2D — H2D 


1 OA A 

120.9 


C4B — C3B — C2B 


121.6 (5) 


C4D — C3D — C2D 


121.7 (6) 


C ' A D PTT) TTOD 

C4B — C3B — HJB 


1 1 A O 

119.2 


C4D — CJD — H3U 


1 1 A 1 

119.1 


r"1T) riTT) TTOD 

C2B — C3B — HJB 


1 1 A O 

119.2 


/-i^r\ tdh 

C2D — C3D — H3U 


1 1 A 1 

119.1 


/r>n 1 ri p c d 

C 3 B — C4B — C 5 B 


1 OA O { f\ 

120.0 (6) 


C3D — C4D — C5D 


1 OA O /T\ 

120.8 (7) 


C3B — C4B — H4B 


119.6 


C3D — C4D — H4D 


119.6 


PCD f ' A D TT/1D 

C5B — C4B — H4B 


1 1 A / 

119.6 


pirr\ /"• ,1 r-\ TT>11^\ 

C5D — C4D — H4U 


1 1 A £ 

119.6 


C 6B — C 5 B — C4B 


1 1 8.3 (6) 


p /- r>v pen p 1 r>v 

C6D — C5D — C4D 


1 1 O A fH\ 

118.4 (7) 


p /" r> pen TTCD 

CoB — C5B — H5B 


120.0 


C6U — C5U — H5U 


1 ->A O 

120.8 


p a r-> /^rn ttc n 

C4B — C5B — H5B 


120.8 


f • a t-\ pc r~\ TTf r\ 

C4D — C5D — H5D 


120.8 


/"'CD /" 1 /_ T~) P 1 D 

C5B — C6B — CIB 


1 1 A *7 ( A\ 

119.7 (4) 


C 5 D — C 6D — C 1 D 


1 O 1 o sc\ 

121.2 (5) 


/"CD P /" D 0 1 D 

C5B — C6B — b 1 B 


121.6 (4) 


C 5 D — C 6D — b 1 D 


1 1 A 1 / A \ 

119.1 (4) 


p 1 r-> p / r-> £-i \ n 

C 1 B — C6B — S 1 B 


1 1 O 1 /") \ 

118.7 (3) 


p 1 r-\ P/"T\ 1 T\ 

C 1 D — C6D — S 1 D 


1 1 A "7 / /I \ 

119.7 (4) 


P O D nan C 1 D 

C8B — C7B — S 1 B 


114.1 (2) 


POA pnr\ c 1 1 T\ 

C8D — C7D — SID 


1 1 /I o /o\ 

114.8 (2) 


CoB — C7B — H7B 1 


1 AO T 

108.7 


p o r-\ pnr\ TT*7"P\1 

CoD — C7D — H7D 1 


1 AO 

108.6 


c i d f^HT} inn 1 

S 1 B — C7B — H7B 1 


1 AO T 

108.7 


cm pan Tnr\i 

S 1 U — C7D — H7D 1 


1 AO ^ 

108.6 


p od p in t nn o 

CoB — C7B — H7B2 


108.7 


POA pnr\ TT"7T\0 

C8D — C7D — H7D2 


108.6 


ci 1 n ptd inni 

S 1 B — C7B — H7B2 


108.7 


S 1 D — C7D — H7D2 


108.6 


tt*7di f ' ~i T~i inni 

H7B 1 — C7B — H7B2 


1 AT ^ 

107.6 


TnTAi pnrv TT*71^\0 

H7D1 — C7D — H7U2 


1 AT 

107.6 


xt 1 d ron nan 

NIB — CoB — C9B 


1 A 1 A /T\ 

101.0 (2) 


xt 1 r~\ pon pnr\ 

N ID — CoD — C9D 


1 A 1 O ZO\ 

101.3 (2) 


XT1 D /" f) D /" ■> — 7 r> 

N 1 B — C 8B — C7B 


111.8 (2) 


XT1 T~~\ por\ pnr\ 

N ID — C8D — C7D 


1 1 O /I /o \ 

112.4 (2) 


C9B — CoB — C7B 


1 1 A £. /"> \ 

114.6 (3) 


PAD pof\ PHA 

C9D — C8D — C7D 


1 1 1 /I /O A 

113.4 (3) 


XT1D /" 1 O T~) TTOD 

NIB — CoB — HoB 


1 A A T 

109.7 


\ti rv pof\ TTOA 

N ID — CoD — HoD 


1 AA O 

109.8 


p f A T~) P ( > r-> TTOD 

C9B — CoB — HoB 


109.7 


pnn pot\ Tior\ 

C9D — C8D — H8D 


109.8 


p "7 r-> POD TTOD 

C7B — CoB — HoB 


109.7 


p — 7 r -\ POT~\ TTOr\ 

C7D — C8D — H8D 


109.8 


/"v a n I - -) pod 

04B — C9B — CoB 


1 AA O /O \ 

109.8 (3) 


04D — C9D — C8D 


111.0 (3) 


(J4B — C9B — C 1 1 B 


1 m *7 /o\ 

103.7 (z) 


(J4D — C9D — C 1 ID 


1 AO O /0\ 

103.3 (2) 


CoB — C9B — CI IB 


1 AC C ZO\ 

105.5 (2) 


C8D — C9D — CUD 


1 AC 1 ZO\ 

105.1 (2) 


ci 1 n pnn rrfin 

(J4B — C9B — H9B 


1 1 O A 

112.4 


U4D — C9D — H9D 


1 1 O 1 

112.3 


P O D PAD TTHT1 

CoB — C9B — H9B 


112.4 


poa nnr\ Tinn 

C8D — C9D — H9D 


1 1 o o 

112.3 


C 1 1 B — C9B — HyB 


1 1 1 j 
1 lz.4 


1 1 /'(ill TJAD 

C 1 1 D — C9D — H9D 


1 11 T 

112.3 


04B— CI OB— 03B 


103.3 (2) 


03D— C10D— 04D 


104.0 (3) 


04B— CI OB— C14B 


109.3 (4) 


03D— C10D— C14D 


108.8 (4) 


03B— C10B— C14B 


108.2 (3) 


04D— C10D— C14D 


109.6 (4) 


04B— CI OB— C13B 


110.0(3) 


03D— C10D— CI 3D 


110.6(4) 


03B— CI OB— C13B 


110.7(3) 


04D— C10D— CI 3D 


108.5 (4) 
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C14B — C10B — C13B 


114.6 (4) 




P 1 /I TA P 1 AT"\ P 1 T TA 

C14D — C10D — CI 3D 




114.7 (5) 


03B — CUB — C12B 


110.5 (2) 




/■ \ T~\ p 1 -1 t\ P 1 T TA 

03D — CUD — C12D 




110.5 (3) 


03B — CUB — C9B 


1 A 1 T /T\ 

103.7 (2) 




rvtn P1 1 TA P (\ TA 

03D — CUD — C9D 




1 A A T /T \ 

104.2 (3) 


p i -> r"> /ni m PAT1 

C 1 2B — C 1 1 B — C9B 


1 Pi /I /" 

104.6 (2) 




p 1 "i ta p 1 1 ta pata 

C 1 2D — C 1 1 D — C9D 




1 A A 1 /T\ 

104.7 (2) 


/at "n /■ < 1 \ t~\ t t 1 1 i~"> 

03B — CUB — HUB 


112.5 




r-\ p -1 i r-\ T T 1 1 TA 

03D — CUD — HI ID 




112.3 


f ' i i-\ r-> < i i y~\ T T 1 1 TA 

C12B — CUB — HUB 


112.5 




P 1 T TA P 1 1 TA T T 1 1 TA 

C12D — CUD — HI ID 




112.3 


p c\ r> pi in tti 1 n 

C9B — CUB — HUB 


i i 1 r 

112.5 




P ATA P 1 1 TA TT 1 1 TA 

C9D — CUD — HI ID 




1 1 T T 

112.3 


XT 1 I~"> /~i 1 TA /- ■> -1 1 r> 

NIB — C12B — CUB 


101.6 (2) 




XT1 TA P 1 TTA P 1 1 TA 

N1D — C12D — CUD 




1 A 1 A /T \ 

101.9 (2) 


XT11A pi if) TTI ir 1 

NIB — LlzB — HlzL 


111 A 

111.4 




X I 1 TA PHT\ TT1 TP 

JN ID — ClzD — HlzCj 




111 A 

111.4 


f ' 1 1 l~) p -1 <"> T"-> TTI p 

CUB — C12B — H12C 


111.4 




p 1 1 ta p 1 t r\ tti ^ p 

CUD — C12D — H12G 




111.4 


XT 1 T~» /" 1 i "Pi T T 1 TTA 

NIB — C12B — H12D 


111 A 

111.4 




XT 1 TA P 1 in\ T T 1 TT T 

N1D — C12D — H12H 




111 A 

111.4 


CUB — C12B — H12D 


111.4 




P 1 1 T"\ P 1 TTA T T 1 TT T 

CUD — C12D — H12H 




111.4 


TT1 IP nnn TTI TT\ 

H 1 zC — C 1 zB — H 1 ID 


109.3 




TT1TP P1TTA TT1TTT 

H 1 zCj — L 1 ID — H 1 zH 




1 AA ~i 

109.3 


pi An pi on tti ^ ta 

C10B — C13B — Hi 3D 


109.5 




P 1 ATA P 1 1 T"\ III IT 

C10D — CI 3D — HI 3 J 




1 AA C 

109.5 


f ' i /\ r> p i •-) r-> tti ^n 

C10B — C13B — H13E 


109.5 




P 1 AT"\ P 1 T TA tti ^ 17~ 

C10D — CI 3D — H13K 




109.5 


TTI ^ T"-» p -I I"> TTI Tn 

Hi 3D — C13B — H13E 


109.5 




tti tt p 1 i-t T-v TTI ^ jr 

HI 3 J — CI 3D — H13K 




109.5 


P 1 ATI pi on TT1 TT7 


1 AA C 

109.5 




P 1 ATA pn TA TT1 TT 

C10D — LI 3D — H13L 




1 AA C 

109.5 


tti ^ r~\ p i t r> tti Tn 

Hi 3D — C13B — H13F 


1 AA C 

109.5 




TTI 1 T p 1 i-t T-V TTI T[ 

HI 3 J — CI 3D — H13L 




1 AA C 

109.5 


T T 1 •"> T -1 /~1 1 1 TA T T 1 1 T" 1 

H13E — C13B — H13F 


109.5 




T T 1 1 T7" /~1 1 "1 T~\ T T 1 T T 

H13K — CI 3D — H13L 




109.5 


noR c\a.w T-rizin 


1 OQ ^ 




P10n V\AV\ T-T14T 




1 OQ ^ 


C10B— C14B— H14E 


109.5 




C10D— C14D— H14K 




109.5 


H14D— C14B— H14E 


109.5 




H14J— C14D— H14K 




109.5 


C10B— C14B— H14F 


109.5 




C10D— C14D— H14L 




109.5 


H14D— C14B— H14F 


109.5 




H14J— C14D— H14L 




109.5 


H14E— C14B— H14F 


109.5 




H14K— C14D— H14L 




109.5 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 


R-A 


D-A 


D — R-A 


05A—H5AO-mB l 




0.82 


2.04 


2.752 (3) 


144 


055— B5B0-mA & 




0.82 


2.11 


2.807 (3) 


142 


05C— H5CO-NLD 1 




0.82 


2.10 


2.802 (4) 


144 


05D— H5DON1C 11 




0.82 


2.06 


2.766 (3) 


144 



Symmetry codes: (i) -x+l, y~V2, -z+1; (ii) jH-1/2, -z+1. 
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